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In this paper, we studied the variability of HIV-1 subtype F strains in Africa. For 11 viruses, mainly of Central African origin,
different parts of the genome were genetically characterized. For all strains the V3–V5 region of the envelope gene was
sequenced, and for 7 strains, the entire envelope gene was studied. For 10 strains, the p24 region of the gag gene was also
sequenced. For each region studied, three subgroups in the F subtype were identified, F1, F2, and F3. These three subgroups
were supported by high bootstrap values and the intra- and inter-subgroup F distances were comparable to those obtained
for the known subtypes A, B, C, D, E, G, and H. In subgroup F1, some African strains clustered with previously described
strains from Brazil and Romania, suggesting an African origin of the HIV-1 epidemic in these countries. A more detailed
analysis of the gag and the envelope sequences allowed the identification of four recombinant viruses. Our data show a high
diversity among subtype F strains, suggesting the presence of new subtypes in the regions studied. If biological differences
exist among subtypes, it is important that these subtypes be well defined. The data from our study show that there is a need
to clearly identify the different subgroups within the F subtype. © 1999 Academic Press
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fINTRODUCTION
The recent characterization of human immunodefi-
iency viruses from numerous geographic regions has
hown that these isolates can be divided into three
roups, designated M, N, and O. Group M, the major
roup, comprises the majority of the HIV-1 strains re-
ponsible for the AIDS epidemic worldwide and can be
urther subdivided into at least 10 different genetic sub-
ypes (A–J) (Myers et al., 1995). HIV-1 group O viruses, O
or outlier, represent a minority of the HIV-1 isolates and
ave been documented mainly in Cameroonian patients
r in patients with epidemiological links to Cameroon
Gurtler et al., 1994; Vanden Haesevelde et al., 1994;
oussert-Ajaka et al., 1995). Group N has been recently
eported from two Cameroonian patients; these viruses
re equidistant from group M and O strains (Simon et al.,
998).
The genetic diversity results mainly from the error-
rone nature of the viral reverse transcriptase and from
he in vivo selection of the variants (Preston et al., 1988;
arder and Kemp, 1989). Besides this variation, not all
Sequence data from this article have been deposited with the Gen-
ank Data Library under Accession Nos. AJ237789–AJ237809.
1 To whom correspondence and reprint requests should be ad-
ressed at Laboratoire Re´trovirus, IRD, 911 Avenue Agropolis, B.P.
045, 34032 Montpellier CEDEX 1, France. Fax: (33) 4 - 67 61 94 50.m-mail: martine.peeters@mpl.ird.fr.
99ubtypes within group M are “pure” or nonrecombinant;
or subtypes A, B, C, D, F, and H, at least one full-length
solate characterized as nonrecombinant has been se-
uenced (Gao et al., 1998). However, all representatives
f subtypes E and G that have been sequenced to date
epresent mosaic genomes, with parts of the viral ge-
ome clustering with subtype A strains and other parts
orming clearly distinguishable clades designated sub-
ypes E and G (Carr et al., 1996; Gao et al., 1998). The
apacity of HIV to recombine is an important parameter
f viral evolution, allowing dramatic and rapid genetic
hange. In certain populations and regions, where mul-
iple HIV-1 subtypes cocirculate, up to 20% of the strains
ay be inter-subtype mosaic forms (Cornelissen et al.,
996).
The geographic distribution of the different genetic
ubtypes is very heterogeneous (Birx et al., 1996). Over-
ll, the predominant subtypes are A, B, and C. Subtype A
s predominant in West and Central Africa. In Europe,
orth America, and South America, subtype B is largely
resent, whereas in South and East Africa and in India
ubtype C is rapidly spreading. Subtype E has been
argely documented in Thailand and other Southeastern
sian countries. Subtype D is present in Central and East
frica with prevalences ranging from 5% to more than
0% of the circulating strains (Peeters et al., 1998; Ray-
ield et al., 1998). Subtype G has been documented in
any West and Central African countries, whereas sub-
0042-6822/99 $30.00
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100 TRIQUES ET AL.ype H was seen only in Central Africa (Janssens et al.,
997; Peeters et al., 1998).
Subtype F has been defined in the HIV-1 outbreak
mong children in Romania (Dumitrescu et al., 1994;
andea et al., 1995; Apetrei et al., 1997). Several reports
ubsequently revealed that this subtype was present in
outh America (Brazil, Argentina) (Morgado et al., 1994;
ompadonico et al., 1996; Marquina et al., 1996; Sabino
t al., 1996), Europe (France, Russia) (Leitner et al., 1996;
imon et al., 1996) and in several Central African coun-
ries (Cameroon, Gabon) (Nkengasong et al., 1994; Dela-
orte et al., 1996; Takehisa et al., 1998). With the excep-
ion of Romania, subtype F samples represent only a
mall percentage of the circulating strains in the coun-
ries where they have been documented. In addition,
hylogenetic analysis on envelope sequences from sub-
ype F strains revealed a high genetic diversity among
trains from different geographic origins, with Romanian,
razilian, and African subtype F strains forming separate
lusters (Nkengasong et al., 1994; Apetrei et al., 1997).
he objective of this study was to analyze in more detail
he genetic variability of subtype F strains from African
rigin and compare them with the previously docu-
ented subtype F viruses.
RESULTS
Table 1 summarizes the geographic origin of the sam-
les, the year of sample collection, the subtype classifi-
ation in the different regions for each virus, and whether
equences were done on primary peripheral mononu-
lear cells or on viral isolates. All the gag sequences
T
Origin and Genetic Subtype of the Var
Samples Origin
Year of
collection
MP84 CARb,c 1995
MP411 Yugoslavia or Chadc 1996
EQS16 DRC 1997
BCI-1 Romania 1994
MP255 Cameroon 1995
MP257 Cameroon 1995
MP584 Cameroon 1997
MP535 Cameroon 1996
MP446 Cameroon 1996
EQTB11 DRCd 1997
ZR36 DRC 1997
a DNA source: U, uncultured PBMCs; C, cultured PBMCs.
b CAR, Central African Republic.
c Patient residing in France, infected with HIV-1 after overseas deplo
d DRC, Democratic Republic of Congo (Former Zaire).
e Not done.ere obtained by direct sequencing. However, due to the tresence of quasispecies, cloning was necessary in
ome samples. The V3–V5 fragment was cloned for the
P535, MP446, and MP584 strains and the gp160 frag-
ent was cloned for the MP84 strain.
hylogenetic analysis of partial envelope (V3–V5
egion) and gag (p24) sequences
Figures 1A and 1B show the phylogenetic trees ob-
ained with the different envelope and gag sequences
rom our study and representatives from the different
ubtypes from the database.
Phylogenetic analysis of the V3–V5 region of the en-
elope gene (405 bp) revealed that the subtype F viruses
an be subdivided into three groups in this region (Fig.
1). All the previously described subtype F strains from
razil and Romania cluster into one subgroup, F1, to-
ether with two strains from our study, MP411, MP84, and
QS16, with the MP411 very close to the Romanian strain
BCI1). The second subgroup, F2, consists of previously
escribed subtype F strains from Cameroon and three
trains from our study (MP255, MP257, MP584), also from
ameroon. The third subgroup, F3, contains strains that
luster together with a previously described subtype F
train from Gabon, VI354. In contrast to the viruses from
ubgroup F2, the viruses from the F3 subgroup originate
rom different Central African countries: two are from the
emocratic Republic of Congo (DRC) (ZR36, EQTB11)
nd two from Cameroon (MP446, MP535). Each of the
hree subgroups was supported by high bootstrap values
93, 99, and 92% for F1, F2, and F3, respectively), whereas
egions Studied of the Study Samples
DNA
urcea
Genetic subtype
gag p24 env V3–V5 gp160
C F1/A F1 F1/E
C F1 F1 F1
U F2/F1 F1 ND
C F1 F1 ND
C F2 F2 F2
C F2 F2 F2
C A F2 ND
C F3 F3 F3
U NDe F3 ND
U F3 F3 F3
C A F3 ?/F3/?
.ABLE 1
ious R
so
ymenthe bootstrap value for the node of all the F strains is only
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101DIVERSITY OF HIV-1 SUBTYPE F STRAINS IN CENTRAL AFRICA0%, indicating that the three F subgroups are only dis-
antly related to one another.
The genetic distances, calculated with the Kimura two-
arameter method, are shown in Table 2. The distances
ere calculated for the strains used in the phylogenetic
nalysis (Fig. 1). Within subtypes, with exclusion of the
ubtype F strains, the mean intra-subtype distance in the
3–V5 region was 13.8% (8.6 to 20.1%), with the lowest
FIG. 1. Phylogenetic tree based on 405 unambiguously aligned nuc
ligned nucleotides from the p24 gag region (B) from 11 new HIV-1 isol
ifferent genetic subtypes. The tree was rooted with the correspondin
as performed as described under Materials and Methods.iversity within subtype B and the highest variationithin subtype H. For subtype F strains, the mean intra-
ubgroup distance was 16.8% (15.5 to 18.5%). The mean
istance between different subtypes, with subtype F ex-
luded, was 26.4% and ranged from 21.9 to 30.2%,
hereas between the different F subgroups the dis-
ances ranged from 23.5 to 27.8%. These data suggest
hat the F subgroups could represent new subtypes in
he V3–V5 region of the envelope gene.
s from the V3–V5 region of the envelope (A) and 624 unambiguously
dicated in boldface italic type) and reference strains representing the
n of the SIV CPZgab isolate being used as an outgroup. The analysisleotide
ates (in
g regioPhylogenetic analysis of the p24 region from the gag
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102 TRIQUES ET AL.ene (624 bp) also revealed three subgroups within the
ubtype F strains (Fig. 1B). However, several strains
MP84, MP584, ZR36, and EQS16) were recombinant
iruses; MP84, MP584, and ZR36 clustered in the gag
egion with subtype A, whereas they were subgroup F1,
2, and F3, respectively, in the envelope gene. The
QS16 strain, which was F1 in the envelope gene, clus-
ered with strains from subgroup F2. For the MP584 and
R36 strains, the sequenced gag fragment was entirely
ubtype A. RIP and diversity plot analysis followed by
hylogenetic tree analysis revealed that the MP84 strain,
hich was only distantly related to the subtype A strains
n gag, was recombinant in the p24 region with the 59
egion belonging to subtype F, subgroup F1, and the 39
nd belonging to subtype A, more specifically the MP84
train, forming a separate cluster with strains that are E
n the envelope and A in the gag region. The EQS16
train, env subtype F subgroup F1, is also recombinant in
he p24 region with the 59 part being subgroup F2 and
he 39 region being subgroup F1. The breakpoints within
he p24 region were not similar for the two strains MP84
nd EQS16 (data not shown).
The genetic distances were calculated for the same
trains as those shown in the phylogenetic tree of the
ag region after exclusion of the subtype F strains, which
T
Mean Inter- and Intra-subtype Distances (%) in the V3–V5 Regi
Calculated with the Kim
Subtype n A B C D
(a) The V3–V5 regi
A 5 13.3
B 3 24.5 8.6
C 3 23.7 25.2 12.1
D 4 27.9 21.9 25.6 15.3
E 4 27.5 23.2 25.5 28.3
G 4 27.7 29.4 27.2 30.2
H 3 23.6 25.4 25.3 28.5
F1 7 28.9 25.8 23.8 28.5
F2 6 28.4 26.6 26.5 30.8
F3 5 29.6 24.1 24.3 28.0
(b) The p24 r
A 8 8.7
B 4 12.5 2.4
C 4 13.1 9.0 5.1
D 4 12.2 5.7 8.8 3.9
G 3 13.6 12.7 12.5 11.3
H 3 11.8 9.9 9.9 9.8
F1 6 13.1 9.6 10.5 9.7
F2 3 11.7 8.8 9.5 8.2
F3 3 13.2 10.8 10.2 10.1
Note. Distances were calculated for the sequences used to constru
he recombinant strains (MP84, MP584, and ZR36).ere classified as A in this region (ZR36, MP84, MP584).or the group M subtypes (A, B, C, D, G, and H) the
istances within a subtype ranged from 2.4 to 8.7% (Ta-
le 2), whereas within the F subgroups, the distances
ere 4.5, 4.9, and 5.2% for F1, F2, and F3, respectively.
he mean inter-subtype distances between the different
ag subtypes A, B, C, D, G, and H was 10.9% (5.7 to
3.6%), and the genetic distances between the F sub-
roups were 8.3, 7.2, and 8.7% for F1, F2, and F3, respec-
ively. In the gag region the lowest inter-subtype dis-
ances were observed between subtypes B and D. As
uggested for the V3–V5 region of the genome, F sub-
roups could also represent new subtypes in the p24
egion of the gag gene.
enetic characterization of the entire envelope
gp160)
To examine in more detail the diversity among these
ifferent F strains, the entire envelope gene was se-
uenced for two strains from the F1 and F2 subgroups
nd for three strains from the F3 subgroup. Phylogenetic
nalysis of the entire envelope (2223 bp) confirmed also
he existence of the three different subgroups, each
upported by high bootstrap values (100, 100, and 92%,
or F1, F2, and F3, respectively) (Fig. 2).
he Envelope Gene (a) and the p24 Region of the gag Gene (b)
o-Parameter Method
enetic distance (%)
E G H F1 F2 F3
e envelope gene
9.4
29.2 17.5
27.0 28.1 20.1
26.6 26.0 30.2 15.5
29.0 28.6 29.4 25.0 18.5
27.5 26.8 27.5 23.5 27.8 16.3
f the gag gene
6.9
11.4 4.8
11.7 10.7 4.5
10.6 9.2 6.8 4.9
12.0 10.5 9.7 7.6 5.2
hylogenetic trees shown in Fig. 1, excluding the gag sequences fromABLE 2
on of t
ura Tw
G
on of th
egion o
ct the pAll the new strains sequenced were further analyzed
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103DIVERSITY OF HIV-1 SUBTYPE F STRAINS IN CENTRAL AFRICAor recombination by RIP, by diversity plotting, and by
onstructing phylogenetic trees of 420 bp each overlap-
ing the previous tree by 60 nucleotides. These data
ndicated that the F1, F2, and F3 subgroups were con-
irmed all over the envelope gene; however, MP84 and
R36 were shown to be recombinant in the envelope.
igure 3 summarizes the recombination breakpoints of
hese strains, along the envelope gene. For the MP84
train a recombination breakpoint was observed at the
iddle of the gp41 region, with the 39 end clustering with
ubtype E viruses in this part of the genome in a phylo-
enetic tree (Fig. 3a) as was observed also in part of the
24 region for this virus. For the ZR36 strain the pattern
as more complex; in the V3–V5 region the virus clusters
ith the two other strains from the F3 subgroup, EQTB11
nd MP535 with high bootstrap values; upstream and
ownstream this region the virus does not cluster with
ny of the known subtypes in these regions of the enve-
ope (Fig. 3b).
The highest diversity between the MP255 and the
P257 strains representing the F2 subgroup was seen
s expected in the V1–V2 region. Starting from the V3
egion until the end of the envelope, they form a separate
roup supported by high bootstrap values. The genetic
istances in the entire envelope gene were calculated,
mitting the MP84 and ZR36 strains (Table 3). Within
ubtypes A, B, C, D, E, G, and H, the mean intra-subtype
istance was 9.5% (5.4 to 15.5%), comparable to the
ean intra-subgroup distance for subgroups F1, F2, and
3: 12.0% (9.6%, 12.9%, and 13.4% respectively). Among
he different F subgroups the mean inter-subgroup dis-
ances were 16.0, 16.5, and 16.8% for F1, F2, and F3,
FIG. 2. Unrooted phylogenetic tree based on 2223 unambiguously
ligned nucleotides from the entire gp160 gene from seven new HIV-1
solates (indicated in boldface italic type) and reference strains repre-
enting the different genetic subtypes. Analysis was performed as
escribed under Materials and Methods.espectively, also comparable to the mean inter-subtype tistances among subtypes A, B, C, D, E, G, and H: 18.0%
13.7 to 19.0%). These results confirm those obtained in
he V3–V5 region of the envelope gene showing three F
ubgroups only distantly related to one another.
mino acid sequences analysis
The predicted envelope amino acid sequences from
he seven new subtype F strains were aligned together
ith the consensus amino acid sequences for the differ-
nt subtypes from the database, against the subtype F
onsensus sequence from the database (Fig. 4). The 18
ysteine residues were present and conserved among
ll the strains. The positions of the N-glycosylation sites
ere conserved; however, their numbers varied from 26
o 31 independent of the subgroup. For the consensus
ubtype F sequence from the database, 27 N-glycosyla-
ion sites were seen on the entire envelope.
In some regions of the gp160 (indicated in boldface
ype in Fig. 4), amino acid signatures for the different F
ubgroups can be identified. The F1 subgroup is char-
cterized by a Q (glutamine) at position 284, by an M
methionine) at position 290, by an H (histidine) at posi-
ion 296, and by a K (lysine) at position 585. The F3
ubgroup is characterized by an E (glutamic acid) at
osition 220 and by an M and an I (isoleucine) at posi-
ions 458 and 459, respectively.
In the V3 loop some subgroup-specific amino acid
atterns were present (Fig. 5). The GPGR or GPGQ motifs
re predominant in the F1 and F2 subgroups; the GPGK
otif was seen only in the F3 subgroup and was present
n three of the five strains. At amino acid position 36, a
ysine was present in almost all the F1 and F2 strains;
owever, for all the F3 strains a glutamine was seen at
his position.
eteroduplex mobility assay (HMA)
Previously described subtype F plasmids (Delwart et
l., 1993), derived from the BZ162 and BZ163 strains,
ere not able to identify the genetic subtype for the
ajority of the subtype F strains from our study. Only
P84, MP446, and MP584 strains formed heterodu-
lexes with these reference plasmids and had a migra-
ion pattern on polyacrylamide gels suggesting subtype
viruses. Inclusion of F2 (MP584) and F3 (MP446) vi-
uses among the reference plasmids in our assays al-
owed us to identify the genetic subtype of additional
ubtype F samples by HMA. The EQTB11 and ZR36
trains, both classified as F3, showed the highest mobil-
ty with the F3 plasmid, whereas MP255 and MP257
ere closer to the F2 plasmid, and the MP535 and MP
11 strains remained indeterminate by HMA.
DISCUSSION
In this work, we studied the genetic variability of sub-
ype F strains obtained from different Central African
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104 TRIQUES ET AL.ountries and compared them to previously described
ubtype F strains mainly from Brazil and Romania. Phy-
ogenetic analysis of envelope sequences (V3–V5 region
FIG. 3. Recombination pattern of the MP84 (a) and ZR36 (b) strains a
o the different regions with different subtype assignations. Analysis w
ecombination breakpoints within the envelope gene taking into accoun
y RIP analysis and DIVERT plotting.nd complete gp160) and of partial gag sequences re- (ealed that the subtype F sequences can be divided into
hree subgroups, F1 to F3. Three strains from our study,
wo from Central Africa and one of undefined origin
e envelope gene, with the unrooted phylogenetic tree corresponding
formed as described under Materials and Methods. (Bottom) Putative
ylogenetic tree analysis of overlapping fragments and results obtainedlong th
as per
t the phChad or Yugoslavia), cluster with the previously de-
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105DIVERSITY OF HIV-1 SUBTYPE F STRAINS IN CENTRAL AFRICAcribed subtype F viruses from Brazil and Romania. This
roup was identified as subgroup F1 in our study. The F2
ubgroup consists exclusively of viruses of Cameroonian
rigin and the F3 subgroup was composed of strains
riginating from different Central African countries. The
ost important observation was that for all the different
egions of the viral genome studied, the genetic dis-
ances between F1, F2, and F3 subgroups are compara-
le to those observed among subtypes, suggesting that
hese subgroups could represent new genetic subtypes
n the regions we sequenced.
The heteroduplex mobility assay (HMA) is an easy tool
ith which to identify the genetic subtype of HIV-1 in the
nvelope (Delwart et al., 1993). However, the plasmids
vailable to identify subtype F are all prepared from
razilian subtype F viruses and were inefficient at iden-
ifying the F viruses from the F2 and F3 subgroups. The
ddition of plasmids representing the latter subgroups in
he HMA assays allowed the subtype identification of
hese viruses. Inclusion of these new plasmids among
he reference plasmids can be useful for characterizing
IV-1 strains of Central African origin, since in some
egions these viruses represent 10 to 15% of the circu-
ating strains (Nkengasong et al., 1994; Peeters et al.,
998; Takehisa et al., 1998).
A relatively important number of the HIV-1 strains that
ave been characterized by sequencing of large regions
f the genome or smaller parts of different genes appear
o be intersubtype variants (Robertson et al., 1995). The
esults from our study also revealed the presence of
ecombinant viruses (Table 1). At least two viruses, from
he F1 and F3 subgroups, were recombinant in the gp160
ene and for four samples, representing the three F
ubgroups, the genetic subtypes identified in the enve-
ope and the gag regions were discordant. In addition,
ore detailed analysis revealed a recombinant gag gene
n the p24 region for two strains with a recombination
T
Inter- and Intra-subtype Distances (%) in the gp160
Subtype n A B C D
A 3 9.6
B 4 17.8 7.7
C 2 17.8 17.8 9.8
D 4 17.8 13.7 18.4 8.6
E 4 16.6 18.0 18.7 18.9
G 4 17.2 19.0 18.9 18.6
H 2 18.5 19.0 18.6 18.9
F1 5 17.9 17.2 18.0 17.9
F2 2 19.0 18.4 18.5 19.0
F3 3 18.0 17.4 18.4 17.8
Note. Distances were calculated using the same sequences to convent between F1 and F2 sequences in gag. tThe global epidemic has been extensively character-
zed by genetic analysis. The various genetic subtypes
iffer in their geographic spread and so the subtype
esignations have been powerful molecular epidemio-
ogical markers for tracking the course of the global
andemic. Some subtype F strains, recently collected in
frica, form a distinct cluster with the F strains from
razil and Romania, suggesting that the epidemic in
omania and part of the epidemic in Brazil have a Cen-
ral African origin.
Subtype classification would be of greater interest if
embers of the different subtypes were found to differ in
iological differences. There are several indications that
here may be biological differences among subtypes: the
roup O viruses do not have and incorporate cyclophilin
to produce infectious virions (Braaten et al., 1996), the
XCR4-positive rapid/high phenotype is underrepre-
ented among subtype C isolates and the syncytium-
nducing phenotype is rare among subtype C-infected
atients (Tsherning et al., 1998; Peeters et al., 1999). In
itro data showed that HIV-1 group O viruses are natu-
ally resistant to nonnucleoside reverse transcriptase
nhibitors, as is HIV-2 (Descamps et al., 1995, 1997). In
ddition, within group M, some subtype F samples are
ess susceptible to the nonnucleoside reverse transcrip-
ase inhibitor tetrahydroimidazo [4,5,1-jk] [1,4]-benzodia-
epin-2-(1H)-one and -thione derivates (TIBO), and some
ubtype G strains are less susceptible to protease inhib-
tors (Apetrei et al., 1998; Descamps et al., 1998). The
enetic subtype can also have an impact on the effi-
iency of testing for HIV antibodies (Apetrei et al., 1996).
The geographical distribution of subtypes is evolving,
nd given the wide dispersal of HIV-1 subtypes interna-
ionally and the occurrence of international travel, inter-
ixing of HIV-1 variants is inevitable. If differences exist
mong different subtypes, it is important that these sub-
ypes are well defined and it remains significant to know
alculated with the Kimura Two-Parameter Method
enetic distance (%)
E G H F1 F2 F3
5.4
17.2 10.0
19.0 18.2 15.5
17.8 18.3 18.9 9.6
20.6 19.6 19.1 15.8 12.9
18.9 18.2 18.2 16.3 17.2 13.4
he corresponding phylogenetic tree in Fig. 2.ABLE 3
Gene C
Ghe underlying molecular epidemiology of HIV-1 in the
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107DIVERSITY OF HIV-1 SUBTYPE F STRAINS IN CENTRAL AFRICAopulation studied. The data from our study show that
here is a need to clearly identify the different subgroups
ithin the F subtype; full genomic analysis from repre-
entatives of each F subgroup will help to determine
hether F2 and F3 viruses represent new subtypes.
MATERIALS AND METHODS
tudy samples
A total of 11 strains, indeterminate or preliminarily
lassified as subtype F by HMA and/or by preliminary
equence analysis, were further studied. Nine of the 11
trains were of African origin and were collected be-
ween 1995 and 1997; 5 strains were from Cameroonian
atients living in Cameroon (MP255, MP257, MP584,
P446, MP535), 3 strains were from the DRC (former
aire) (EQTB11, EQS16, ZR36), and 1 strain was from a
rench patient who became infected with HIV-1 after
verseas deployment in the CAR (MP84). The 2 remain-
ng strains were from a Romanian patient, BCI-1, and
rom a French patient infected with HIV-1 after deploy-
ent in Yugoslavia and in Chad, MP411.
olymerase chain reaction (PCR) conditions and
equencing
DNA was extracted from primary or cultured PBMCs
sing the IsoQuick (Microprobe, Garden Grove, CA) or
FIG. 4. The seven predicted amino acid envelope sequences are ali
rom subtypes A, B, C, D, E, G, and H against the consensus subtype F
FIG. 5. Amino acid sequence alignment of the V3 loop. Amino acid
equences were aligned using Clustal W. Consensus sequences are
rom the Los Alamos database. A dash indicates identity with the global
onsensus F; a period indicates a gap in the sequence.sing Clustal W. *, cysteine residues; –, identity with the global consensus F;iagen (Qiagen S.A., Courtabeauf, France) DNA isolation
it.
The V3–V5 region from the envelope gene was ampli-
ied by nested PCR as previously described (Delwart et
l., 1993) with ED5 and ED12 as outer primers and with
S7 and ES8 as inner primers. The PCR conditions were
s follows: a first denaturation step for 5 min at 94°C,
ollowed by 30 cycles of 94°C for 15 s, 55°C for 30 s, and
min at 72°C, with a final extension for 7 min at 72°C, in
final volume of 50 ml. The reaction mixture consists of
0 mmol/L KCl, 10 mmol/L Tris–HCl (pH 9), 0.1% Triton
-100, 1.4 mmol/L MgCl2, 10 pmol of each primer, 0.2
mol/L of each dNTP, and 2.5 U Taq polymerase. Five
icroliters of this amplified product was used for the
econd round, using the same reaction mixture and PCR
onditions for 40 cycles, in a final volume of 100 ml.
The entire envelope (gp160) was amplified by nested
CR as previously described by Gao et al. (1998) with
uter primers A and N, inner primers B and M, and other
rimers encompassing the envelope gene. The amplifi-
ation reaction was performed with the Expand High
idelity PCR system according to the instructions of the
anufacturer (Boehringer Mannheim, Indianapolis, IN).
riefly, the PCR conditions for the first round were as
ollows: a denaturation step of 3 min at 94°C followed by
0 cycles of 20 s at 94°C, 1 min at 55°C, and 4 min at
2°C with a final extension for 10 min at 72°C in a
eaction volume of 50 ml. After a denaturation step of 3
in at 94°C, a second round of 35 cycles was done
nder the following conditions: 20 s at 94°C, 30 s at
0°C, and 2 min at 72°C with a final extension of 10 min
t 72°C in a final volume of 100 ml.
A 700-bp fragment, corresponding to the p24 region
rom the gag gene, was amplified with previously de-
cribed primers (Sanders-Buell et al., 1995). The PCR
onditions and reaction mixtures were identical to those
sed for the amplification of the V3–V5 region from the
nvelope gene.
The PCR amplification products were detected by
lectrophoresis on a 1% agarose gel and visualized by
thidium bromide staining.
Nucleotide sequences were obtained by direct se-
uencing of the PCR products. For some samples, due to
he presence of quasispecies, PCR products were puri-
ied with the QIAquick PCR purification kit (Qiagen S.A.)
nd were cloned in the pGEM-T easy vector (Promega
orp., Madison, WI), before sequencing.
The amplified DNA was purified using a QiaQuik gel
xtraction kit (Qiagen S.A.). Cycle sequencing was per-
ormed using fluorescent dye terminator technology (dye
erminator cycle sequencing with AmpliTaq DNA poly-
gether with three reference F sequences and consensus sequences
nce from the database. Envelope polyprotein sequences were alignedgned to
seque., a gap in the sequence; ∧∧∧, potential N-glycosylation sites.
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108 TRIQUES ET AL.erase FS; Perkin–Elmer, Roissy, France) according to
he instructions of the manufacturer. Electrophoresis and
ata collection were done on an Applied Biosystems
73A automatic DNA sequencer.
hylogenetic analysis
Nucleotide sequences were aligned using Clustal W
Thompson et al., 1994) with minor manual adjustments,
earing in mind the protein sequences. Regions that
ould not be aligned unambiguously, due to length or
equence variability, were omitted from the analysis.
hylogenetic trees using the neighbor-joining method
nd reliability of the branching orders using the boot-
trap approach were implemented by Clustal W. Genetic
istances were calculated with the Kimura two-parame-
er method (Kimura, 1980).
To analyze whether or not the viruses were recombi-
ant in the sequenced regions, several additional anal-
ses were performed. The Recombinant Identification
rogram (Siepel et al., 1995, available on-line, Los
lamos Database), diversity plotting (available on-line
hrough the ANRS Web site), and phylogenetic trees of
20 nucleotides, each overlapping the previous tree by
0 nucleotides, were used to analyze the complete en-
elope gene.
reparation of plasmids for heteroduplex mobility
ssay
Reference plasmids from the F2 (MP584) and F3
MP446) subgroups were prepared in order to improve
he efficiency of the HMA at identifying subtype F strains.
he ES7–ES8 region from the envelope was amplified
nd purified as described above and subsequently
loned with the pGEM-T easy vector. Plasmids were
urified with the QIAprep Spin Miniprep Kit (Qiagen).
MA was done as previously described (Delwart et al.,
993).
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